Physicochemical stability of the antibody-drug conjugate Trastuzumab-DM1: changes due to modification and conjugation processes.
In the manufacture of the antibody-drug conjugate Trastuzumab-DM1 (T-DM1), the lysine residues on the antibody trastuzumab (Tmab) are modified to form the intermediate Tmab-MCC (T-MCC) and then conjugated with the drug DM1. Our goal is to understand the effects of modification and conjugation steps on the physicochemical stability of the antibody. The structural stability of Tmab relative to its modified and conjugated forms was assessed, employing thermally induced stress conditions to formulations containing Tmab, T-MCC, and T-DM1. DSC, SEC, CE-SDS, and LC-MS were used to study the stability of Tmab, T-MCC, and T-DM1 to thermal stress. The DSC thermograms show a decrease in melting temperature for the CH2 transition, in the order Tmab > T-MCC > T-DM1. As per SEC analysis, a significant increase in level of aggregation was detected in T-MCC (∼32%) and T-DM1 (∼5%) after 14 days at 40 °C. Tmab did not show significant aggregate formation. CE-SDS and LC-MS data demonstrate that the aggregation in the case of T-MCC is largely covalent and involves mechanisms other than formation of intermolecular disulfide cross-links. The aggregation observed for T-MCC was significantly inhibited upon addition of amino acids with nucleophilic side chains containing thiol (Cys) and hydroxyl moieties (Ser, Tyr). The covalent aggregation observed for T-MCC and the ability of nucleophilic amino acids, particularly Cys, to inhibit it indicate that the maleimide moiety in the MCC linker may react to form intermolecular covalent cross-links between T-MCC molecules, possibly through a Michael addition mechanism. In addition, DSC results demonstrate that the conjugation of the drug moiety DM1 to Tmab results in destabilization of the CH2 domain of the antibody.